Background: External beam radiotherapy (EBRT) is mainstay of treatment in pa ents with locally advanced cervical carcinoma (LACC). Three dimensional conformal radiotherapy (3DCRT) and intensity modulated radiotherapy (IMRT) are mainly used in EBRT. However which one is superior is s ll controversial. Materials and Methods: Forty pa ents of LACC treated with IMRT were selected for this study. 3DCRT plans were also created for all the pa ents. 3DCRT and IMRT plans were compared on the basis of planning target volume (PTV) coverage, dose to normal organs, homogeneity index (HI) and conformity index (CI 95% ). Results: In both the techniques 99% of PTV was covered with more than 96% of prescribed dose (PD). D 15, D 35 and D 50 (Dose to 15%, 35% and 50% volume respec vely) for bladder was reduced by 2.09%, 14.623% and 32.57% and for the rectum it was reduced by 7.46% ,23.82% and 43.68% in IMRT compared to 3DCRT. V 45 (volume receiving 45 Gy) in case of bowel were found to be much less in IMRT in comparison to 3DCRT. Insignificant difference found between doses to femoral heads in IMRT and 3DCRT. The CI 95% in IMRT plans was found much be:er than that in 3DCRT whereas HI in both the techniques were found almost same. Conclusion: IMRT significantly reduced the irradiated volume of OAR and improved dose conformity in the PTV compared to that by 3DCRT. So, it can be concluded that IMRT should be chosen as preferred technique for the EBRT of LACC with proper immobilizing devices and imaging.
INTRODUCTION
Worldwide cervical cancer (Ca Cx) remains the most common gynecologic cancer, with over 500,000 women globally develop Ca Cx and 233,000 women dying of the disease every year majority of these mortality occurring in developing countries (1) With approximately 132,000 new women diagnosed and 74,000 deaths annually, India accounts for nearly one third of the global Ca Cx deaths. Indian women face a 2.5% cumulative lifetime risk and 1.4% cumulative death risk from cervical cancer (2) . The incidence of Ca Cx usually rises in 30-34 years of age and peaks at 55-65 years, with a median age of 38 years. Sexually transmitted human papilloma virus (HPV) infection is the most important risk factor for cervical intraepithelial neoplasia and invasive Ca Cx. HPV serotypes 16 and 18 account for nearly 76.7% of Ca Cx in India (3) .
External beam radiotherapy (EBRT) along with Intracavitory Brachytherapy remains the mainstay of treatment in locally advanced carcinoma cervix (LACC) patients (4) . Over the decades, the treatment 7ields and volumes for LACC have remained largely unchanged despite of various technological advances in radiotherapy delivery. In treatment of Ca Cx, it is important to deliver adequate dose not only to the primary tumor, but also to the pelvic lymph nodes to maximize tumor control. For LACC patients, the whole uterus, upper vagina, bilateral parametrial tissues, uterosacral ligaments and draining regional lymph nodes are treated in the standard radiotherapy practice. A very large portion of rectum, bladder and bowel are also included in the high dose region in order to encompass these target volumes in mostly available technique i.e. two dimensional radiotherapy (2DRT) and three dimensional conformal radiotherapy (3DCRT). This highlights a persistent problem in the treatment of Ca Cx that in part re7lects an inability to deliver suf7icient dose to tumorbearing regions without exceeding critical normal tissue tolerances (5) (6) (7) . The main aims of radiotherapy are to increase tumor control probability (TCP) and decrease the normal tissue complications probability (NTCP) and decision regarding the choice of treatment technique, beam placement and the imaging technique is made keeping these two principles in mind (8, 9) . While 3DCRT, through the use of computed tomography (CT) imaging and planning, allows for greater normal tissue sparing, the 7ield arrangements have remained largely unchanged. Thus recent advances are focused towards delivering radiation to target volumes without exceeding normal tissues tolerances by using more conformal techniques leading to development of new modern radiotherapy techniques such as intensity modulated radiotherapy (IMRT). IMRT by using numerous radiation beams with optimized intensity modulation within the 7ield and high dose gradient around the target can effectively distribute the radiation dose homogenously throughout the target volume sparing surrounding normal structures. IMRT can thus achieve much better dose conformity than 3DCRT. However various studies have shown inconsistent 7inding in regard to normal organ sparing by IMRT as compared to 3DCRT for de7initive treatment of LACC.
Hence this study aims to compare dosimetric aspects of 3DCRT and IMRT on the basis of target coverage and doses to organs at risk (OAR).
MATERIALS AND METHODS
One hundred twelve patients of Ca Cx were referred for de7initive radiotherapy in our institute from January 2014 to May 2015, out of which forty patients of LACC (FIGO stage IIA to IVA) (10) treated with IMRT were selected for this retrospective study. An inform consent was taken from all the patients.
Patients with performance status or Karnofsky performance status score (KPS) of more than 60, all previously untreated patient with histologically proven squamous cell carcinoma cervix FIGO stage IIA to IVA were taken up for this study. Patients who had already received treatment either in form of radiotherapy or had undergone any form of hysterectomy, patients with other comorbidities, and pregnant patients were excluded. Patient characteristics are given in table 1.
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CT Simulation
All the patients were immobilized in supine position using pelvic base plate (POCL Pvt. Ltd., Mumbai) and thermoplastic sheet (Or7it). Siemens SOMATOM De7inition AS scanner (Siemens Medical Systems, Erlangen, Germany) was utilized for the CT simulation of these patients. CT images of 3 mm slice thickness were the geometrical centre of the PTV. The target volume in all the cases was large, so to cover the target volume wherever the 7ield exceeded 14.5 cm in x-direction, it got split in two 7ields automatically. The splitting is because of the system limitation which has the small 7ield IMRT license only. The maximum distance between the most retracted and extended MLC cannot be more than 14.5 cm. So, two 7ields at same gantry angle were used for most of the gantry angles in all the plans. In this way maximum of eighteen 7ields at nine gantry angles were used in some plans. Target volumes (PTV, CTV and GTV) and OAR were given the dose constraints (as shown in table 2) and adequate weights. Varian leaf motion calculator vs. 8.9.08 was used to calculate leaf motion for dynamic dose delivery. Plans were optimized by using dose volume optimizer (DVO). Analytical anisotropic algorithm (AAA) was utilized to calculate doses with grid size of 0.25 cc. Figure 1 (a) shows the 7ield arrangement in one of the IMRT plan.
3DCRT Plans
Four CP 7ields (AP-PA and two lateral 7ields) with couch angle 0° were used in all the 3DCRT plans. The isocenter was placed at the geometrical centre of the PTV. The mean isocentre depth was 14.8 cm from lateral side and 9.67 cm from anterior -posterior side in the cases chosen for this study. So, to minimize the skin dose and for better PTV coverage, all the plans were done by using 15 MV photon energy. The MLC leaves were 7it to the PTV with 0.8 cm margin. Doses were calculated by using AAA with 0.25 cc grid size. Weight of particular 7ields were decreased / increased by changing monitoring units (MU) wherever required to manage hot / cold spot and dose homogeneity.
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obtained of the region including whole abdomen and pelvis. These images were transferred to the treatment planning system (TPS) Eclipse vs. 8.9 (Varian Medical systems, Palo Alto, CA) for radiotherapy planning.
Target and OAR delineation
Gross tumor volume (GTV), Clinical Target Volume (CTV), Planning Target Volume (PTV) and OAR like bladder, rectum, bowel bag, femoral heads rectosigmoid etc. were delineated on the CT image of all the patients by same radiation oncologist to decrease interpersonal differences. RTOG Guidelines were used for delineation of target volumes and OAR. While contouring GTV consisted gross visible tumor and its visible extension and CTV consists GTV, uterine cervix, uterine corpus, parametrium, vagina and ovaries includes involved nodes and relevant draining nodal groups (common iliac, internal iliac, external iliac, obturator and presacral Lymph Node). PTV include a generous margins of 1 cm around the CTV in region the uterus and cervix to account for uterine motion and any setup errors and of 0.5 cm in the nodal regions (11) .
Treatment planning
All the plans were planned on Eclipse TPS for the dose of 50 Gray (Gy) in 25 fractions (#) with 5# / weeks schedule. This TPS is commissioned for the medical electron linear accelerator (Clinac) Varian Clinac DMX (Varian Medical systems, Palo Alto, CA) having 6 and 15 mega voltage (MV) photon energies and 6, 9, 12 and 15 mega electron volt (MeV) electron energies. The Clinac is equipped with Millennium 80 multi leaf collimator (MLC) system having 40 pairs of leaves, each leaf having a width of 1 cm projected at isocentre. The MLC leaf ends are rounded. Tongue and groove arrangement of leaves minimizes the interleaf leakage. The standard MLC leaf speed in dynamic window treatment mode is 2.5 cm/s.
IMRT Plans
IMRT plans were done using 6 MV energy with seven to nine coplanar (CP) gantry angles with couch angle 0° and no parallel opposed 7ields were chosen. The isocentre was placed at The HI and CI were calculated according to the formulae given below (12) ; CI95% = Total volume receiving 95% of PD / PTV HI95% = D5 / D95; where, D5 and D95 are the doses received by 5% and 95% of PTV.
The value of CI = 1.0 (one) and HI = 1.0 (one) is considered the ideal.
The statistical signi7icant difference between each set of dosimetric parameters was known by calculating p-value using student's t-test. A value of < 0.05 was considered signi7icant.
RESULTS
The mean coverage for 95% of PTV was 98.8% and 99.86% of PD in 3DCRT and IMRT plans respectively. Also, the mean coverage for 99% of PTV was 97.18% and 96.22% of PD in 3DCRT and IMRT plans respectively. So, the target coverage in all the plans was deemed acceptable. The mean Dmax for PTV was 105.28% (range 104.24 -108.2%) for 3DCRT plans and 106.73% (range 103.80 -108.64%) for IMRT plans.
The mean CI was found to be 2.18 and 1.462 in the plans by 3DCRT and IMRT respectively, the difference between the CI in both the techniques was extremely signi7icant with the pvalue 0.0001. The mean HI was found to be 1.055 and 1.073 in the plans by 3DCRT and IMRT respectively, the difference between the HI in both the techniques was non-signi7icant with the p-value 0.2042. The detailed results of target coverage, HI and CI in all the plans by both the techniques are given in table 3. 
Plan evaluation
After approval, all the plans were exported to Clinac for treatment delivery. Dosimetric parameters of all the plans generated by both the techniques were compared objectively using the dose volume histograms (DVH).
Both kind of plans were compared for PTV coverage on the basis of D95 and D99 (Dose to 95% and 99% PTV respectively) and Dmax (Maximum dose). Doses to OAR were also compared in both the techniques. For bladder and rectum values of D15, D35 and D50 (dose to 15%, 35% and 50% of organ volume); femoral heads, values of Dmax ; bowel(small and large intestine) V45Gy (volume receiving 45 Gy). Also, homogeneity index (HI) and conformity index (CI) for 95% of PD is calculated for both the techniques. 
DISCUSSION
Desired target coverage was achieved by both the techniques; 95% of PTV received more than 98% of PD with acceptable hotspot in all the plans by both the techniques. However, IMRT plans had signi7icantly better PTV coverage and CI in comparison to that in 3DCRT.
Better coverage and CI in the case of IMRT plans was mainly because of the use of multiple beam angles and computer optimized intensity modulated beams. During optimization these beams are divided into several small beamlets, intensity of these beamlets is then modi7ied using multileaf collimator (MLC) until desired dose distribution is achieved. This ability of IMRT to spatially and temporally modify the beam 7luence introduces additional degrees of freedom for treatment planning and delivery in addition to 7ield size shape and position. These intensity modulated beams after entering into patients body results in highly conformal dose distributions with complex target volume and thus sparing normal surrounding organs as shown in 7igure 3 (a).
In 3DCRT, only four 7ields with uniform intensity were planned, thus the OAR before and after PTV in the path of each 7ield also received the dose. The intersection of all the four 7ields makes rectangular shape (cross sectional view) where uniform dose from the entire four 7ields is received. This area covers not only irregular shaped PTV but also the OAR surrounding the PTV which results in high dose to OAR, this results in poor conformity of the dose around PTV as shown in 7igure 3 (b).
In present study, IMRT offered advantage over 3DCRT in terms of reduced dose to OAR especially the doses received by bladder rectum and bowel, but doses to femoral heads were found to be almost similar to that seen in 3DCRT. Results of this study concurred with the results of studies published already (13) (14) (15) (16) .
Van De Bunt et al. (16) compared conventional, conformal and IMRT plans for Ca Cx and found that IMRT is superior in sparing of critical organs compared with conventional and conformal treatment, with adequate coverage of the target volumes and also noted that IMRT Table 4 . Mean doses to organs at risk (OAR). , and anterior-posterior parallel opposed pair with concurrent chemotherapy for treatment of Ca Cx and found that IMRT reduced doses to the bone marrow and small bowel but the reduction to the rectum and bladder was less impressive. Similarly, Yang et al. (19) in their meta-analysis of 13 dosimetric studies comparing 3DCRT and IMRT treatment plans reported a 17.3% reduction in volume of the small bowel receiving 45 Gy and a 39.5% reduction in rectal volumes receiving 45 Gy. No statistically signi7icant decreases in bladder dose and bone marrow volumes with IMRT seen. While in the present study, signi7icant dose reduction for rectum and bladder was observed in IMRT plans as compared to that in 3DCRT plans.
The decreased doses to OAR by using IMRT allows high dose (up to 66 -70 Gy) delivery to boost central target volume in patients whom brachytherapy is not possible, which is not possible by 3DCRT.
It is assumed that the reduction in dose to OAR may confer a clinical bene7it in terms of reduced toxicities at the OAR. A number of Clinical studies comparing IMRT and 3DCRT in treatment of LACC showed signi7icantly lower toxicity at organs at risk in IMRT treated patients (20) (21) (22) . Mundt et al. (20) in their study found that IMRT achieved lower rates of chronic GI toxicity at 11.1%, compared to 50.0% for conventional RT. Compared with patients who received conventional RT, patients who received IMRT experienced fewer grade 1 (30% vs. 8.3%), 2 (16.7% vs. 2.8%), and 3 (3.3% vs. 0%) toxicities. A recently published clinical trial from Ghandi et al. (24) noted signi7icantly fewer grade 2 acute and grade 3 gastrointestinal toxicities with similar rates of hematological toxicity in IM-WPRT than patients receiving WP-CRT in their study.
Brixey et al. (23) has shown in their study that rates of grade of toxicity for neutrophil count (ANC), and hemoglobin were similar between patients receiving IMRT and four-7ield WPRT without chemotherapy. However on addition of chemotherapy, patients receiving conventional WPRT experienced higher rates of grade ≥ 2 WBC toxicity (60.0% vs. 31.2%), and lower WBC (2.8 vs. 3.6 ug/dL) and ANC (1874 vs. 2669) counts compared to patients receiving IMRT. IMRT also achieved a 27.5% reduction in patients requiring holding of scheduled chemotherapy doses (23) .
Due to highly conformal dose delivery in IMRT, it is of paramount importance to accurately delineate the target volumes which need to be irradiated to prevent under dosing and to protect OAR in near vicinity. This is particularly important in patients of Ca Cx as these patients demonstrate more substantial amount of organ motion, tumor regression and deformation than in prostate cancer (16, (25) (26) (27) . Several studies have shown the importance of cervical tumor regression during treatment, with a median volume reduction of 46% (16, 27) . This suggests that IMRT should be re-planned during the 7inal third of treatment to take advantage of the shrinking GTV. Van De Bunt et al. (16) found repeated IMRT planning can improve the sparing of the bowel and rectum in patients with substantial tumor regression. Bladder, rectum and small bowel are dynamic mobile structures that affect the position of the GTV (28) (29) . Protocols requiring a full bladder and empty rectum can minimize utero-cervical movement; such requirements are included in recent RTOG protocols [30] . As per 2011 RTOG consensus guideline for delineation of clinical target volume for intensity modulated radiotherapy for the de7initive treatment of Ca Cx recommends a margins of 1.5 -2 cm around the CTV in region of uterus and cervix and a PTV margin of 7 mm around the nodal CTV. However if soft tissue veri7ication imaging modalities are not available then more generous margins must be used which might lead increased doses to OAR (10) . These guidelines have been followed in the current study One of the limitations of present study is that the peritoneal cavity has been contoured instead of outlining speci7ic bowel loops. Since the probability of small bowel residing in a speci7ic region of the pelvis is variable from day to day this type of contouring might overestimate the dose to bowel (31) .
CONCLUSION
IMRT appears to offer several advantages over 3DCRT planning for de7initive radiotherapy of LACC patients. These include a signi7icant reduction in irradiated volume for bladder, rectum and bowel, along with more conformal dose distribution in the PTV. It is anticipated that this would translate to overall reduction in acute and potentially late treatment-related toxicity.
